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INTRODUCTION
End-stage renal failure patients often suffer from re-
duced appetite and diet restrictions [1]. Uremic patients 
being treated with hemodialysis are in a chronic stress 
status that may be associated with oxidative stress and 
impaired efficiency of antioxidant defense mechanisms, 
which may cause complications that result in increased 
morbidity and mortality [2,3]. The antioxidant defense 
system includes endogenous [e.g. superoxide dismutase 
(SOD), catalase, glutathione peroxidase (GPx)] and ex-
ogenous (diet) derived compounds such as vitamin A, 
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beta-carotene, ascorbic acid, alpha-tocopherol, trace 
metals (selenium, manganese, zinc) and flavonoids, 
which work together at the molecular level to protect 
cells against toxic effects, contributing to disease pre-
vention [4–6]. It has been reported that humans require 
external sources of vitamins E and C and beta-carotene 
because they are not produced by the body; they must 
be obtained from the diet [7]. These antioxidant com-
pounds are found naturally in a wide variety of foods 
and plants, including many fruits and vegetables, nuts, 
seeds, oils and fats [1,7,8].
Since hemodialysis patients live under pro-oxidative 
conditions [3,9], they may require an increased level 
of antioxidant protection. Despite numerous studies 
[2,10–12] on synthetic supplements and their possible 
effects on the antioxidant defense system, there have yet 
to be published intervention trials that support a preven-
tive effect of natural antioxidant micronutrients on lipid 
oxidative damage in hemodialysis patients. Thus, this 
study was designed to evaluate the effects of natural an-




Thirty-four patients (17 males, 17 females; age range, 
20–75 years) who were undergoing regular hemodialy-
sis for at least 3 months (range, 3–120 months) were 
enrolled in the study. All patients regularly received 
4 hours of hemodialysis with polysulfone dialyzing mem-
brane two to three times a week. The exclusion criteria 
for subjects were smoking, drug abuse and dietary 
supplementation with vitamins, minerals and antioxi-
dants in the 3 months prior to the study.
The project was approved by the ethics committee of 
Zahedan University of Medical Sciences, Iran, and in-
formed consent was obtained from all patients. Before the 
start of the study, the objectives of the study were ex-
plained to the patients, and freedom was given to them to 
decide whether or not they wanted to take part in the study.
Study design
During the 8-week intervention period, all patients 
consumed a diet that included three servings of fruits 
and vegetables a day, particularly one serving with a 
low-to-medium amount of potassium (orange, lemon, 
grapefruit, peach, nectarine, apple, dates, dark grapes, 
cherries, plum, lettuce, tomato, pumpkin, capsicum, cab-
bage, squash). The diet was also reduced in saturated fat 
and included consumption of vegetable oils (sunflower, 
soybean, corn oil) recommended for cooking.
Vitamin A intake was expressed in retinol equivalents 
(RE). One RE is equal to 6 μg of beta-carotene or 12 μg 
of other provitamin A carotenoids [13]. Vitamin E intake 
was expressed in mg alpha-tocopherol equivalents (mg 
α-TE), where 1 mg of alpha-tocopherol is equal to 1.5 IU 
of vitamin E [14]. The study diet provided almost 490 μg 
RE of vitamin A, 56 mg of vitamin C, 7 mg α-TE of 
vitamin E, and 1,645 mg/day of potassium.
The diet of all patients was under constant supervi-
sion to control the intake amount of potassium. Thus, 
apart from questioning the patients, serum levels of po-
tassium were checked on alternate weeks. In addition, 
during the study period, patients’ health conditions were 
followed-up routinely by physicians.
For evaluation of the effects of dietary supplementa-
tion on the antioxidant system, dietary intake was as-
sessed by a 48-hour dietary recall questionnaire method 
for at least 2 days. The nutrient value of the diet was 
calculated by food composition analysis software.
Biochemical analysis
Blood samples were taken before the start of the study, 
and then again at the end of the study after the 8 weeks. 
All blood samples were taken after an overnight fast. 
Isolated plasma/serum and erythrocytes were immedi-
ately stored at −80°C until analysis. Serum samples 
underwent biochemical analyses [blood urea nitrogen, 
uric acid, creatinine, albumin, total protein, potassium, 
calcium and phosphate] using commercially available 
kits (Parsazmun Company, Tehran, Iran). Erythrocyte 
SOD and GPx activities were measured using a com-
mercial colorimetric assay (Randox Laboratories Ltd., 
Crumlin, County Antrim, United Kingdom) as previ-
ously described [15]. Serum vitamins A and E were 
extracted with hexane and measured using high pressure 
liquid chromatography in absorption at 325 nm and 
292 nm, respectively, as previously described [15].
Plasma total vitamin C concentration was measured 
spectrophotometrically by the 2,4-dinitrophenylhydra-
zine method [15]. Plasma malondialdehyde (MDA) level 
was assayed as the end product of lipid peroxidation by 
the thiobarbituric acid method [15].
Statistical analysis
The results are expressed as mean ± standard deviation. 
All data were analyzed using SPSS version 11.5 (SPSS 
Inc., Chicago, IL, USA) for Windows, using paired 
sample t test. Pearson’s correlation coefficient was used 
to determine the relationship between variables. Differ-
ences were considered significant at p < 0.05.
RESULTS
During the experimental period, three patients withdrew 
from the study while the rest completed the study with 
no problems.
The initial causes of renal failure in the patients were 
diabetes (n = 8), hypertension (n = 10), diabetes plus 
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hypertension (n = 4), lupus erythematosus (n = 2), chronic 
glomerulonephritis (n = 5) and unknown (n = 5).
The baseline characteristics of the subjects are shown 
in Table 1. Body mass index (BMI) was generally within 
the normal range (BMI, 18.5–24.9 kg/m2) and only four 
(11.8%) patients were underweight (BMI, < 18.5 kg/m2) 
[1]. Serum levels of total protein, albumin, potassium, 
calcium and phosphate in the hemodialysis patients were 
within normal ranges. The levels of blood urea nitrogen, 
uric acid and creatinine were significantly higher than 
the normal ranges. The patients were anemic, with he-
moglobin levels below the normal range. No significant 
changes were observed in the above mentioned param-
eters during the study period.
The levels of oxidants and antioxidants are shown 
in Table 2. During the supplementation period, the levels 
of vitamins A and C as well as SOD activity significantly 
increased (p < 0.001), whereas vitamin E level showed 
no significant change. The elevation in GPx activity after 
supplementation was also not significant. Insignificant 
reduction in MDA level was shown after 2 months of 
supplementation.
DISCUSSION
Like several other diseases, chronic renal failure is known 
to be the result of oxidative stress. There is evidence to 
show that the oxygen radical scavenger system is impaired 
in uremic patients undergoing hemodialysis [2,5,10,11], 
which is also confirmed by our findings.
There is convincing evidence that diet has a profound 
effect on the body’s antioxidant status, which depends 
on the diet’s nutrient composition, absorption, and 
bioavailability, and which can have antioxidant or pro-
oxidant effects [7]. Plants include several antioxidant 
compounds in natural form as flavonoids, polyphenols, 
carotenoids, tocopherols, and ascorbic acid. The anti-
oxidants in plant-based foods, in particular fruits and 
vegetables, may act synergistically in an antioxidant sys-
tem [16]. Thus, efforts should be made to ensure an op-
timum intake of foods that are rich in antioxidants [7]. 
It has been recommended that at least five servings of 
fruits and vegetables [1,8,17] and a variety of nuts, seeds 
and their oils should be eaten in the diet daily [1].
Since many fruits and vegetables are rich in potassium 
and chronic renal failure patients are unable to remove 
potassium efficiently, the intake of such fruits and veg-
etables can cause hyperkalemia, a potentially major risk 
factor for morbidity and mortality in such patients [1]. 
Table 1. Characteristics of subjects*
 HD patients
 Before intervention After intervention 
 (n = 34) (n = 31) 
p Normal range
Age (yr) 50.2 ± 14
Mean duration of HD (mo) 49.6 (range, 3–120)
BMI (kg/m2) 21.9 ± 3.1 21.6 ± 2.7 NS 
Hemoglobin (g/dL) 9.5 ± 1.5 9.8 ± 2 NS Female: 12–16
    Male: 14–18
BUN (mg/dL) 83.6 ± 26.5 78 ± 18.4 NS 7–21
Creatinine (mg/dL) 8.2 ± 3.2 7.5 ± 2.9 NS 0.7–1.4
Uric acid (mg/dL) 8.8 ± 1.7 8.7 ± 1.3 NS Female: 2–6
    Male: 3–7
Total protein (g/dL) 6.8 ± 1.1 6.2 ± 0.8 NS 6.4–8.3
Albumin (g/dL) 4.2 ± 1.0 3.9 ± 1.0 NS 3.5–5.3
Potassium (mmol/L) 5.2 ± 0.8 5.5 ± 1.0 NS 3.5–5.5
Calcium (mg/dL) 8.8 ± 1.2 8.7 ± 1.2 NS 8.8–10.2
Phosphate (mg/dL) 6.2 ± 1.1 5.8 ± 0.8 NS 3.6–5.5
*Data presented as mean ± standard deviation. HD = hemodialysis; BMI = body mass index; NS = not significant; BUN = blood urea 
nitrogen.
Table 2. Oxidant and antioxidant levels in controls and patients 
before and after intervention*
 Hemodialysis patients
 Before After 
 intervention intervention
 (n = 34) (n = 31) 
p
Vitamin A (μg/dL) 125.3 ± 46.3 157.5 ± 73.9 < 0.001
Vitamin E (μg/dL) 669.3 ± 199.1 698.7 ± 220.1 NS
Vitamin C (mg/dL) 0.49 ± 0.13 0.71 ± 0.25 < 0.01
SOD (U/g Hg) 845.8 ± 204.7 1,051.2 ± 299.3 < 0.01
GPx (U/g Hg) 15.2 ± 4.3 17.0 ± 4.8 NS
MDA (μmol/L) 0.164 ± 0.03 0.151 ± 0.03 NS
*Data presented as mean ± standard deviation. NS = not signifi-
cant; SOD = superoxide dismutase; GPx = glutathione peroxidase; 
MDA = malondialdehyde.
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In the present study, the natural sources of antioxidants 
through the daily intake of three servings of fruits and 
vegetables with low-to-medium amounts of potassium 
were found to be well tolerated. It should be noted that 
before the study, the patients were consuming only one 
serving per day of fruits and vegetables. Analysis of the 
48-hour recall dietary data also showed that intake of 
antioxidant vitamins (A, E and C) was generally about 
half of that recommended [5,7,13] at the time of data 
collection. This observation is similar to those in previous 
reports [18–20], and may be partly related to the dietary 
restriction of potassium and phosphate-rich foods such 
as fresh fruits, vegetables, nuts and seeds [1].
It has been reported that scavenger antioxidants (en-
zymatic and non-enzymatic) not only neutralize free 
oxygen radicals directly, but also act synergistically with 
one another [4,5,21,22].
Vitamin A (retinol), a fat-soluble antioxidant, can trap 
peroxyl radicals in many biological tissues, and thus 
might play a role in preventing in vivo lipid peroxidation 
[7,23]. In the present study, before starting dietary 
supplementation and despite the low intake of vitamin A, 
the serum levels of vitamin A in our patients were sig-
nificantly higher than the normal range. This finding is 
similar to those of several reports [1,18,24], and is sug-
gested to be due to the failing of the kidneys to metabo-
lize retinol to retinoic acid, leading to decreased 
excretion through bile and urine, or a defect in retinal 
binding protein catabolism (vitamin A carrier) by the 
diseased kidneys. Vitamin A can lead to hypervitamin-
osis in hemodialysis patients, which has been reported 
to be tolerated due to extra carrying capacity [1]. After 
the dietary intervention, in parallel with the increased intake 
of fruits and vegetables, the serum levels of vitamin A 
was further elevated by 25.7%.
Vitamin E is the most important lipophilic antioxidant 
in the biological system and protects cell membranes 
from oxidation by the formation of low-reactivity to-
copheroxyl radicals [1,9,23]. In the present study, serum 
levels were within the normal range at baseline, in ac-
cordance with earlier studies [20,25]. This was probably 
because of either complete and adequate absorption or 
storage of fat-soluble vitamins [7,9,13]. Another possibil-
ity is that serum levels are not dependent on or are only 
weakly related to the intake amount of the vitamin, un-
less liver reserves are severely depleted [13]. Insignifi-
cant elevation (5.4%) of serum vitamin E levels during 
the period of dietary intervention could also be due to 
its regeneration from its radical form in the presence of 
vitamin C [23].
Vitamin C is one of the most important hydrosoluble 
antioxidants; it exerts its beneficial effects by inhibition 
of lipid peroxidation [5] and directly scavenges O2 
and OH− [9]. The lower-than-normal plasma concentra-
tion of vitamin C observed in our patients at baseline is 
in agreement with earlier reports [10,18], and may be 
attributable to the loss of the vitamin through the dialy-
sis membrane because of its hydrosolubility and/or the 
dietary restriction of fruits and vegetables. This may 
contribute to a markedly reduced antioxidant power of 
the plasma [11]. The levels of plasma vitamin C in our 
patients increased (by 44.9%) in parallel with intake 
after dietary intervention, but did not reach the normal 
range. This may be due to regeneration of vitamin E dur-
ing the increased oxidative stress caused by the presence 
of free radicals [7,23].
Enzymatic antioxidants (SOD, GPx and catalase) 
are also an important line of defense against free radicals 
and other reactive oxygen species. They reduce the levels 
of the most harmful oxidants in tissues [8]. Significant 
decreases in the activities of SOD and GPx in the pres-
ent study, similar to in earlier studies [2,12,26], suggest 
that hemodialysis patients have an impaired enzymatic 
antioxidant system. After 8 weeks of dietary supplemen-
tation, a significant increase in SOD activity (24.2%) 
was observed, but erythrocyte GPx activity was only in-
significantly elevated (11.8%). In contrast, Cheng et al 
reported that 16 weeks of supplementation with multinu-
trient packs noticeably improved antioxidative vitamin 
(C, E and beta-carotene) status and GPx activity, but only 
slightly elevated SOD activity in healthy subjects [21].
It has been reported that attack by free oxygen 
radicals on membrane phospholipids leads to the forma-
tion of lipid hydroperoxides [22]. Several studies have 
reported elevated levels of MDA (as a marker of lipid 
peroxidation) resulting from weakening of the defense 
system during the process of hemodialysis due to the 
reduction of antioxidants [2,10,11], which support our 
findings. After 2 months of dietary supplementation, an 
8% reduction in MDA levels from baseline was achieved, 
though the reduction was statistically insignificant.
Some studies have shown that dietary antioxidant 
micronutrients protect tissues against oxidative damage 
in a number of diseases such as cardiovascular disease 
[6,7,21,22,27]. It has also been suggested that an ap-
propriate combination of two or more antioxidants re-
sults in the synergistic inhibition of lipid peroxidation 
[7]. This study showed that increased intake of fruits and 
vegetables led to increased levels of vitamins A and C, 
but diet alone could not provide the optimum amount of 
vitamin E, which has been advocated to have the great-
est effect as a free radical scavenger [1,9,23]. This might 
have been the reason for the insignificant improvement 
in MDA levels, which also suggests the relatively more 
important role of vitamin E over vitamin A in scavenging 
free radicals or overcoming oxidative stress. The action 
of vitamin C is seen through vitamin E by recycling and/
or sparing [7,11,23].
The limitations of our study were the relatively 
short duration of the intervention, and the low intake of 
fruits and vegetables due to the necessary restriction 
of some nutrients such as potassium. But the study had 
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the advantage of including patients who were previously 
eating much less than the recommended dietary allow-
ance of fruits and vegetables. However, food antioxidants 
must be correctly given in order to be effective without 
causing side effects. So the advantage of implementing 
the dietary intervention was the simultaneous avail-
ability of all the non-enzymatic antioxidants in natural 
form.
In conclusion, our findings indicate that even a low 
intake of antioxidants in the short term has beneficial 
effects on the antioxidant system as shown by improved 
levels of vitamins A and C as well as SOD activity. Thus, 
further long-term studies are required to clarify whether 
or not foods rich in antioxidants can effectively reduce 
hemodialysis-related oxidative stress.
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